Debates regarding the most beneficial medical or surgical procedures for patients with spontaneous intracerebral hemorrhage (sICH) are still ongoing. We aimed to evaluate the risk of subsequent vascular disease and mortality in patients with sICH treated with and without surgical intervention, in a large-scale Asian population. Patients hospitalized within 2000 to 2013 who were newly diagnosed with sICH were identified using the National Health Insurance Research Database of Taiwan. Neuroendoscopy and craniotomy groups comprised patients who underwent surgical treatment within 1 week, while those in the control group did not undergo early surgical treatment. Outcomes included subsequent hemorrhagic and ischemic stroke, following acute myocardial infarction, congestive heart failure, and mortality. After propensity score matching, there were 663 patients in each group. Compared to that in the control group, the neuroendoscopy and craniotomy groups had a significantly higher risk of secondary vascular events at 1 to 3 months of follow-up (adjusted HR, 2.08 and 1.95; 95% CI, 1.21-3.58 and 1.13-3.35; p < 0.01 and p < 0.05, respectively), but a significantly lower risk after 3 years of follow-up (adjusted HR, 0.52 and 0.52; 95% CI, 0.35-0.78 and 0.35-0.77; p < 0.01 and p < 0.01, respectively). The mortality rate was higher in the craniotomy group at 6 to 12 months of follow-up (adjusted HR, 2.18; 95% CI, 1.06-4.49; p < 0.05) compared to that in the control group. Thus, a timely surgical intervention for hematoma evacuation is advantageous in preventing secondary vascular events and improving outcomes in the long term. However, greater attention to secondary ischemic stroke following the initial sICH episode is needed.
Introduction

Background
Spontaneous intracerebral hemorrhage (sICH) is devastating and deadly, with 30-day and 1-year mortality rates of approximately 40% [1] and 54% [2] , respectively. Furthermore, longterm survivors are often saddled with permanent deficits, with up to 75% of survivors suffering significant disability [3] . Thus, sICH is a sudden event with an extremely high rate of mortality in the short term and disability in the long term. In addition, the burden of hemorrhagic stroke has increased by 47% between 1990 and 2010 [4] . As the outcomes are poor, timely medical treatment is critical, and optimal management is a priority. However, no known perfect and absolutely effective interventions are currently available for sICH [5] . Although most patients can be managed conservatively, surgical evacuation of the hematoma is immediately required for patients with extensive intracerebral hemorrhage (ICH) [6, 7] . However, the most beneficial surgical procedures for sICH patients remain controversial.
Objectives
We aimed to evaluate the risk of subsequent vascular disease and mortality in patients newly diagnosed with acute sICH who underwent surgical treatment (neuroendoscopy or craniotomy evacuation) compared to that in patients who did not undergo surgical treatment.
Methods
Study Design, Setting, and Patients
A nationwide, cohort, retrospective, population-based, Taiwanese-registry study was conducted using the National Health Insurance Research Database (NHIRD) of Taiwan. Clinical diagnoses are coded in the NHIRD using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). The study population comprised inpatients with a claim for a hospitalization between 1 January 2000 and 31 December 2013, indicating a diagnosis of ICH (ICD-9-CM: 431), which was defined as the index event. Patients who underwent computed tomography (CT) or magnetic resonance imaging (MRI) within 2 days (before or after) the hospitalization date, which was defined as the index date, were included. Patients with any diagnosis of ICH before the index date were excluded, unless they were diagnosed within 48 h before the index date. Patients with any trauma (ICD-9-CM: 800-929) in the 2 weeks before the index date, or with a diagnosis of traumatic brain injury (TBI; ICD-9-CM: 85X) after the index date, were excluded.
Patients who underwent neuroendoscopy evacuation within 1 week of the diagnosis of sICH were categorized into the neuroendoscopy group. Patients who underwent craniotomy evacuation within 1 week of the diagnosis of sICH were categorized into the craniotomy group. Patients who did not undergo neuroendoscopy or craniotomy within 1 week of the diagnosis of sICH were defined as the control group. Patients who underwent both neuroendoscopy and craniotomy within 1 week of the diagnosis of sICH were not enrolled, as such cases were limited in number (i.e., their statistical significance may be omitted) and complicated factors, such as whether neuroendoscopy or craniotomy was performed first, would render simple comparisons between surgery (endoscopic or craniotomy) and medical treatment difficult.
Data Source
The NHIRD is derived from the claims data of the National Health Insurance program, which is a mandatory-enrollment, single-payment system created in 1995 that covers over 99% of Taiwan's population [8, 9] . The NHIRD provides an opportunity to evaluate treatment outcomes and drug-disease associations in longitudinal studies [10, 11] . Specifically compiled for research purposes, this database originates from administrative databases, whose main function is for insurance claim reimbursement; thus, unknown or questionable validity regarding clinical information could exist. However, databases such as the NHIRD must be consistent with the original clinical data source on key elements; an attribute (e.g., drug exposure or diagnosis) in an administrative database for a particular patient should be noted (true positive) in the original clinical records and vice versa (true negative) [12, 13] . The data quality regarding the diagnosis of stroke has been systematically evaluated and was found to be highly accurate, with acceptable validity for the research of stroke [14] . To protect personal information, patient data were de-identified before the inpatient database was released [8] ; thus, informed patient consent was waived for the present study. This study was approved by the Institutional Review Board of China Medical University and Hospital in Taiwan (approval no. CMUH-104-REC2-115).
Outcomes
The outcome variables are the subsequent vascular events which comprised cerebrovascular events, including hemorrhagic stroke (HS; ICD-9-CM: 430-432) and ischemic stroke (IS; ICD-9-CM: 433-436); cardiovascular events, including acute myocardial infarction (AMI; ICD-9-CM: 410); congestive heart failure (CHF; ICD-9-CM: 428); and mortality. Baseline comorbidities (medical history), including previous IS (ICD-9-CM: 433-436), coronary artery disease (CAD; ICD-9-CM: 411-414), hypertension (HT; ICD-9-CM: 401-405), atrial fibrillation (AF; ICD-9-CM: 427.31), hyperlipidemia (HL; ICD-9-CM: 272.0-272. 4 
Statistical Methods
Propensity score matching (1:1) on age, sex, index year, and comorbidities was performed. After matching, group differences were evaluated using the chi-square test for categorical variables and the analysis of variance (ANOVA) for age. Adjusted hazard ratios (aHRs) were calculated using Cox proportional hazards regression models, adjusting for sex, age, comorbidities, and the occurrence of outcome events within 1 month after the index date, stratified by the follow-up period. The cumulative incidence of the outcomes was estimated using the Kaplan-Meier method, and the log-rank test was used to evaluate group differences. All tests were 2-sided, and p values < 0.05 were considered statistically significant. All analyses were performed using SAS (version 9.4; SAS Institute, Inc., Cary, NC).
Results
Participants
We identified 60,703 patients with a new diagnosis of sICH and imaging evidence within 2 days (before or after) of the index event. After excluding patients with a record of trauma 2 weeks before the index date or a record of TBI after the index date, as well as patients who underwent both neuroendoscopy and craniotomy, a total of 59,399 patients remained. After 1:1 matching on age, sex, index year, and comorbidities, there were 663 patients in each group (control, neuroendoscopy, and craniotomy).
Descriptive Data
Baseline characteristics and the mean follow-up periods are provided in Table 1 . There were no statistically significant differences among the groups. However, there was a significant difference in endotracheal tube insertion during hospitalization for the initial sICH among the groups (p < 0.001). (Fig. 1A , G) Table 2 presents the aHRs and 95% confidence intervals (CIs) from the Cox proportional hazards regression models. At 1 to 3 months of follow-up, the risk of all secondary vascular events (subsequent HS, IS, AMI, CHF) was significantly higher in the neuroendoscopy (aHR, 2.08; 95% CI, 1.21-3.58; p < 0.01) and craniotomy (aHR, 1.95; 95% CI, 1.13-3.35; p < 0.05) groups than in the control group. However, after 3 years of follow-up, the risk of all secondary vascular events was significantly lower in the neuroendoscopy (aHR, 0.52; 95% CI, 0.35-0.78; p < 0.01) and craniotomy (aHR, 0.52; 95% CI, 0.35-0.77; p < 0.01) groups than in the control group. In addition, the mortality rate was higher in the craniotomy group at 6 to 12 months of follow-up (aHR, 2.18; 95% CI, 1.06-4.49; p < 0.05) than in the control group. Table 3 presents the incidence and risk of subsequent stroke following the first sICH episode, according to the intervention groups. At 1 to 3 months of follow-up, the risk of secondary stroke was significantly higher in the neuroendoscopy (aHR, 2.03; 95% CI, 1.18-3.5; p < 0.05) and craniotomy (aHR, 1.95; 95% CI, 1.14-3.36; p < 0.05) groups than in the control group. However, after 3 years of follow-up, the risk of subsequent stroke was significantly lower in the neuroendoscopy (aHR, 0.5; 95% CI, 0.33-0.77; p < 0.01) and craniotomy (aHR, 0.37; 95% CI, 0.23-0.59; p < 0.001) groups than in the control group. Furthermore, the overall risk of subsequent ischemic stroke was lower in the craniotomy group (aHR, 0.59; 95% CI, 0.4-0.87; p < 0.01) than in the control group, with subsequent ischemic stroke events occurring in 77/663 patients (recurrence rate, 2.49 per 100 person years) in the control group and in 38/663 patients (recurrence rate, 1.48 per 100 person years) in the craniotomy group. Three years after the first sICH episode, the risk of subsequent ischemic stroke decreased further and was significantly lower in the neuroendoscopy (aHR, 0.41; 95% CI, 0.22-0.76; p < 0.01) and craniotomy (adjusted HR, 0.24; 95% CI, 0.11-0.51; p < 0.001) groups than in the control group. In addition, the overall risk of subsequent hemorrhagic stroke was higher in the neuroendoscopy group (aHR, 1.44; 95% CI, 1.05-1.99; p < 0.05) than in the control group, with subsequent hemorrhagic stroke events occurring in 69/663 patients (recurrence rate, 2.23 per 100 person years) in the control group, and in 84/663 patients (recurrence rate, 3.19 per 100 person years) in the neuroendoscopy group. Furthermore, at 1 to 3 months and at 3 to 6 months of follow-up, the risk of recurrent hemorrhagic stroke was higher in the neuroendoscopy group (1-3 months: aHR, 2.56; 95% CI, 1.32-4.98; p < 0.01) (3-6 months: adjusted HR, 4.59 95% CI, 1.29-16.4; p < 0.05) and craniotomy group (aHR, 2.55; 95% CI, 1.32-4.93; p < 0.01) than in the control group. Additionally, the risk of subsequent hemorrhagic stroke remained higher in the neuroendoscopy group than in the control group at 1 to 2 years of follow-up (aHR, 6.03; 95% CI, 1.29-28.3; p < 0.05).
Risk of All Secondary Vascular Events and Mortality
Risk of Subsequent Stroke (Fig. 1B-D)
However, the risk of subsequent hemorrhagic stroke decreased with time and was significantly lower in the craniotomy group (aHR, 0.51; 95% CI, 0.28-0.95; p < 0.05) than in the control group after 3 years of follow-up.
Subsequent Acute Myocardial Infarction and Congestive Heart Failure (Fig. 1E , F) Table 4 presents the incidence and risk of AMI and CHF following the initial sICH episode, according to the intervention groups. There were no statistically significant differences among these 3 groups.
Discussion
Key Results
The present study evaluated subsequent vascular risk (a composite of HS, IS, AMI, and CHF) and mortality in patients with a new diagnosis of acute sICH who underwent neuroendoscopy evacuation, craniotomy evacuation, or neither. Four major findings were noted. First, mortality increased in patients who underwent craniotomy versus those who did not in the perioperative period. Second, patients who underwent neuroendoscopy or craniotomy had a higher risk of secondary vascular events (IS, HS, AMI, CHF) during the perioperative period compared to that in patients who did not undergo surgical treatment, with the highest risk in those who underwent neuroendoscopy. However, the subsequent vascular risk decreased over time in both the neuroendoscopy and craniotomy groups, becoming lower than that in the control group after 3 years of follow-up, with the lowest risk of subsequent stroke (IS, HS) in those who underwent craniotomy. Third, both the neuroendoscopy and craniotomy groups had a lower risk of developing secondary IS compared to that in the control group, with the lowest risk in the craniotomy group. Fourth, both the neuroendoscopy and craniotomy groups had a higher risk of developing secondary HS during the perioperative period compared to that in the control group, and the risk remained higher in the neuroendoscopy group than in the control group for 2 years of follow-up. However, the risk of secondary HS decreased over time, becoming significantly lower in the craniotomy group compared to that in the control group after 3 years of follow-up.
Limitations
The main strengths of the present study include the large nationwide sample and comprehensive demographic characteristics. However, this was a retrospective secondary data analysis; several limitations exist and should be acknowledged. First, data on factors that may be related to the severity of the stroke and would directly affect the sICH prognosis, such as the initial hematoma volume and location, initial severity score (e.g., NIH Stroke Scale (NIHSS)), Glasgow Coma Scale (GCS), modified Rankin Scale (mRS), and Breidbart Index (BI), were lacking. Unfortunately, the NHIRD does not have this information. Thus, the cohorts may have differed in terms of the preoperative neurological status, degree of neurological impairment, level of consciousness, experience of the surgeon, and so on, which raises concerns regarding substantial unaccounted confounding. However, we enrolled only patients hospitalized for sICH who underwent imaging within 2 days of the index date, which would focus the severity somewhat. Furthermore, we evaluated the endotracheal tube insertion status and hospitalization days of the initial sICH, which might be related to the initial severity. Second, there was a lack of information regarding the medication history; however, data regarding the use of antithrombotic agents was unavailable. Third, it is unclear whether rebleeding/ secondary ICH and mortality after surgery were due to the risks of the initial ICH itself or a surgical complication, as the present study cannot address the cause. In addition, we could not clearly determine the rationale for the choice of craniotomy or endoscopic approach as the surgical procedures. Although most neurosurgeons in Taiwan would choose craniotomy rather than endoscopic evacuation in patients suffering from greater mass effect, more midline shift and a more diffused hemorrhage are similar to other documentations [15] . Lastly, even though a population-based database was utilized, we did not use randomization and lack adequate control variables, which may have introduced a Rate indicates the incidence rate or mortality rate (per 100 person years) aHR = adjusted hazard ratio; CI = confidence interval; PY = person years † Adjusted HR: adjusted for sex, age, comorbidities, previous ischemic stroke, and outcome events within 1 month post-index date in Cox proportional hazards regression models *p < 0.05; **p < 0.01 Fig. 1 Cumulative hazard ratio and cumulative incidences after the initial onset in patients with a new diagnosis of spontaneous intracerebral hemorrhage (sICH). A Cumulative incidence of all secondary vascular outcomes (hemorrhagic stroke, ischemic stroke, acute myocardial infarction (AMI), and congestive heart failure (CHF)) after the initial ICH onset. B Cumulative incidence of all secondary stroke outcomes (hemorrhagic stroke and ischemic stroke) after the initial ICH onset. C Cumulative incidence of subsequent ischemic stroke after the initial ICH onset. D Cumulative incidence of subsequent hemorrhagic stroke after the initial ICH onset. E Cumulative incidence of subsequent acute myocardial infarction after the initial ICH onset. F Cumulative incidence of subsequent congestive heart failure after the initial ICH onset. G Cumulative incidence of subsequent mortality after the initial ICH onset.
selection bias, rendering it harder to interpret the observed associations. Furthermore, awareness of the limitations inherent in national databases that are intended for a purpose other than clinical studies (e.g., insurance) is required.
Interpretation
One of the most famous clinical trials for the surgical treatment of sICH (the STICH trial) suggested no benefit for early hematoma evacuation compared to conservative medical treatment except in some subgroups of patients [16, 17] . As advances in surgical skills and tools have accumulated, more and more minimally invasive procedures have taken the place of craniotomy in the treatment of sICH. There are several ongoing randomized trails, including the Minimally Invasive Surgery Plus Alteplase in ICH Evacuation (MISTIE) trial. The MISTIE phase II trial showed a trend towards improved outcomes in the surgical patients compared to those in the medically managed patients. In addition, the ongoing MISTIE III trial added a stereotactic CT-guided endoscopic surgery arm [18] [19] [20] [21] . In the present study, we attempted to compare the short-term and long-term effectiveness of sICH treatment, including medical treatment (control) and surgical intervention (craniotomy and endoscope). Our results suggested an advantage of timely surgical intervention for hematoma evacuation, as it may prevent secondary vascular events in the long term.
Many previous animal and clinical studies indicated that brain edema, blood-brain barrier disruption, and increased intracranial pressure (ICP) result not only from mass effect; blood component exposure, such as thrombin, heme, and so on, further deteriorates the secondary injury [22, 23] . In addition, elevated ICP is the leading cause of mortality in patients with sICH in the hyperacute (first 48 h) time window [24] . Early surgical intervention in critical patients, regardless of the manner of the craniotomy or endoscopic approach, can reduce mass effect, eliminate blood component exposure, and lower ICP. However, there are still many debates on when and how surgical intervention should be done [25] . In the present study, we only classified surgical groups into a minimally invasive endoscopic approach group and an open surgery group, which included craniotomy or craniectomy approaches for hematoma evacuation. Traditionally, it is taken for granted that open surgery, compared with the endoscopic approach, can offer better mass effect reduction, clearer view, and more complete hematoma evacuation and irrigation around damaged tissues [15] . Our findings suggest that the endoscopic group is not superior in shortterm or long-term mortality, secondary vascular events, subsequent stroke, acute myocardial infarction, and congestive heart failure compared to the craniotomy group (Tables 2, 3 , and 4).
In the present study, we noted that the surgical groups possessed a higher risk of secondary vascular events at 1 to 3 months of follow-up, which may be directly or indirectly related to the surgical procedures [26] . On the other hand, most patients who received surgical intervention might be more severe in their initial conditions. The short-term unstable blood-brain barrier caused by either surgery or a larger volume of hematoma destruction may result in the increased risk of vascular events within the first 3 months. The present findings echoed a trade-off between a high risk of rebleeding during the perioperative period and significantly decreased subsequent stroke in the long term.
As a Bstroke-prone^state may present in either hemorrhagic or ischemic stroke, secondary vascular events may be provoked by several factors after the initial sICH [27] . But, why would surgical intervention groups have a lower incidence of vascular events for as long as 3 years? As most of the patients with sICH may have received surgical intervention because of a clinically larger hematoma and more severe mass effect, we suspect that the patients in the surgery group who survived over 3 years did so not only because of a potentially better physical condition before events but also because of closer follow-ups and/or more 
Generalizability
When taking all pros and cons into consideration, this retrospective cohort study suggests a general window of risks and results for the treatment of sICH. Preventing the recurrence of ICH is the clinical focus after the initial sICH onset; the importance of the control of comorbidities and the management of other following vascular events are well known and, yet, neglected. In the present study, the 3 treatment groups (control, neuroendoscopy, and craniotomy) had the same high ratios of patients with histories of HT, DM, CAD, HL, and COPD, which are all high-risk factors leading to ischemia. Although the present study cannot provide evidence regarding the importance of postoperative blood pressure control and comorbidity management in lowering the risk for subsequent IS in patients with a new diagnosis of sICH, it does call attention to the high risk of secondary IS, especially in those who did not receive surgical intervention.
Conclusions
This study suggests that timely surgical intervention for hematoma evacuation is advantageous in preventing secondary vascular events and improving outcomes in the long term. Craniotomy remains the most common method for treating sICH, as it affords intraoperative homeostasis and is extraordinarily effective for decompression. With the use of microscopy, craniotomy has additional advantages, such as a good view, allowing the complete clearance of the hematoma, and further improving the outcomes. However, further highquality randomized controlled trials are needed, with patients similar in terms of hematoma volumes, GCS, age, and time of onset to better compare the effects of various surgical interventions on the outcomes in patients with sICH. aHR = adjusted hazard ratio; CI = confidence interval; PY = person years; RR = recurrence rate (per 100 person years) † Adjusted HR: adjusted for sex, age, comorbidities, previous ischemic stroke, and outcome events within 1 month post-index date in Cox proportional hazards regression models *p < 0.05; **p < 0.01; ***p < 0.001
